Abstract -The purpose of this paper is to propose a new control
effectiveness of the proposed control. Performance of each case will be considered. The slidig mode control approach has and its ability to attenuate disturbances in term of yaw rate as relatively simpler structure and guarantees the system well as side slip angle will be simulated.
stability. It The implementation of the steering control system is on the road. In adverse conditions, when there is water or schematically shown in Figure 1 . The main steering angle 3s is loose gravel on the road, one or more tire may lose grip. This commanded by the driver from the steering wheel. A small will make the car behave in the most erratic manner. It will corrective steering angle is set by an actuator with input from twist and turn by itself and can cause skidding. a feedback controller. The main feedback signal is the yaw For the disturbance attenuation, the driver has to rate and the superposition 3F = 3s + 3c may be done compensate such disturbance torque by counteracting at the mechanically. The tire forces depend on the steering angle 3F steering wheel. This is difficult task for the driver because the and on state variables of the chassis. disturbance input is suddenly occurred and may take a second
The dynamics of vehicle steering is described by the of reaction time to recognize the situation or overreact and single track model. The single track model is obtained by make things worst [1] .
lumping the two front wheels into one wheel in the center line of the car, the similar procedure is used for the two rear Therefore, the uncertain linear time invariant system
given by equation (7) and can be written as x(t) Ax(t) + Bu(t) + Df(t) Then, the differential of Equation (9) gives,
With r:= 5VLf, we obtain from (3) to (5) In describing the method of equivalent control it will initially be assumed that the uncertain function in equation (8) is identically zero [3] mV(/8+ r) -sin cos,
18~~~ ( (11) into Equation (10) 
Equating Equation (12) (13) into (11) gives the equivalent dynamics equation of the system in sliding mode as follows,
where In is an nxn identity matrix.
where the matrix Q is symmetric positive semi-definite We now design the control scheme that drives the state and R is positive symmetric definite. Then the optimal linear trajectories of the system in equation (8) onto the sliding feedback control law is obtained as surface v(t) =0 and the system remains in it thereafter. In order to fulfill the reaching condition, the control input u(t) is u(t) = -Kx(t) (21) divided into two part as described in equation (15); where K is the designed matrix gain.
Numerical values for the active car steering system are And the following switching control Unl(t) is used in this shown in Table 1. study: Finally for the uncertain system in equation (8) satisfying Velocity of the car, v 70 m/s assumptions (i) and (ii), the following control law is used:
Cornering stiffness of the rear axle, CR 213800
N/rad (17) into Equation (18), gives shown in Figure 3 and Figure 4 respectively.
a T (t)&(t) = u(t)[CAx(t) + (CB){-(CB) CAx(t) -(CB) l 350
Disturbance Profilẽ~~~~( IV. SIMULATION AND RESULTS In the simulations it is assumed that the road disturbance is n1 an input to the system. The parameters for the active steering system are considered linear. For comparison purposes, the 5oo performance of the systems using SMC technique will be compared to the pole placement and LQR techniques.°1 2 3 4 5 6 7 6 9 162
Assumed a quadratic performance index in the form of TIM4E (sec) Values of the friction coefficient u that will be used in this Braking Torque(DP1) simulations study are [2] Thn th ytmi etdo h r od n Figure 14 shows control input to the sy7stem for profile 2.
maintain the vehicle velocity at 70m/s. Figure 11 shows Fiue 5ad1 hwtesd lpageadywrt o control input to the system on dry road for disturbance profile disturbance profile 2, respectively. The results show that 1. Figures 12 and 13 show the side slip angle and yaw rate for performance of the proposed controller is the best to compare this road condition, respectively. Against, it is observed that with another two controllers for the dry road condition. V. CONCLUSION The sliding mode control strategy design has been successfully implemented to the active steering system. The results clearly shown that the sliding mode control scheme is effectively attenuating various disturbances for different road coefficients as compared to the LQR and Pole-placement control schemes. Also the simulation results indicated that, the performance for the side slip angle and yaw rate on wet road is worse than the performance on dry road which exhibits high in overshoot and magnitude. Thus, the vehicle tends to skid on the wet road than the dry road. However, the active steering system and the proposed controller is capable to overcome 'late action' by the driver due to sudden disturbance on any road conditions. 
